In the experiments with LEPTON-F and SPHINX spectrometers the pion-induced charged exchange reactions π − + p → φ + n and π − + p → ω + n at P π − =32.5 GeV, as well as proton-induced diffractive reactions p + N → [pφ] + N and p + N → [pω] + N at E p =70 GeV were studied. The comparison of the cross-sections for φ and ω-production in these reactions is used for testing the OZI selection rule in hadronic processes. It has been demonstrated that in pion reactions the ratio of the yields of φ and ω-mesons R(φ/ω) = (3 ± 1) · 10 −3 is in a good agreement with naive quark model prediction based on the mixing in vector meson nonet and on the OZI rule (R(φ/ω) OZI = tg 2 Δθ V 4 · 10 −3 ). At the same time in proton reactions the effective ratio of φ and ω yields is ∼ (4 ÷ 7) · 10 −2 , i.e. a strong violation of the OZI rule is observed in proton-nucleon interactions. This violation can be in favor of possible existence of some exotic ss component in the quark structure of protons. 13.85.Fb; 14.40.Cs; 14.40.Ev
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PACS:

The OZI rule
The selection rule for connected and disconnected quark diagrams that is referred to as the OZI rule has been known for a long time [1] [2] [3] . According to this rule, processes involving the annihilation or creation of a quark-antiquark pair entering into the composition of the same hadron are forbidden or, strictly speaking, strongly suppressed. The OZI rule may be illustrated by the diagrams for the production and decay of the vector mesons ω and φ (see Fig. 1 ).
Let us consider exclusive reaction ofpair production A + B → C 1 + C 2 + ... + C n + (qq) (q = u; d; s) with particles A, B, C i without strange quarks (see [4] ). The ratio of amplitudes of the corresponding reactions
determines the violation of the OZI rule in these processes (the OZI rule demands Z = 0). It is well known that neutral mesons from meson nonets are the mixture of SU(3) octet and singlet states
For vector meson nonet
Here θ V is a mixing angle for vector nonet;
o is an ideal mixing angle (for this ideal mixing |φ >= −|ss >; |ω >=
(uū + dd) >), as on diagrams in Fig. 1 ).
For the ratio of amplitudes of φ and ω production the following expression was derived [4]:
Thus the ratio of corresponding cross sections is 
where f is a kinematical phase space correction factor. Because the phase of β is unkown it is only possible to estimate the limits for the OZI violation factor |Z|:
Many measurements of the R ratio and testing of the OZI rule in different reactions were made in the last thirty years. It is the generalization of the OZI rule for the processes with charmed quarks which explaines the anomalously small decay width of the J/ψ particle, representing a bound cc state (in analogy with φ meson). Recent years have seen a revived interest in the OZI rule. First, intensive searches for exotic hadrons (see the surveys in [5-10] and references therein) are greatly facilitated by choosing production reactions in which the formation of conventional particles is suppressed by the OZI rule [11] [12] [13] [14] . Since this rule may be significantly violated for exotic hadrons because of their complex color structure, signals from exotic and cryptoexotic particles are expected to benefit from more favorable background conditions in OZI-suppressed production processes. While the φπ and φρ decays of isovector mesons with conventional quark structure |(uū − dd)/ √ 2 > are suppressed by the OZI rule (the corresponding probabilities are reduced more than by two orders of magnitude), the same decay channels may prove much more probable for exotic multiquark mesons with hidden strangeness |(uū − dd)ss/ √ 2 > and hybrids states like |(uū − dd)g/ √ 2 >. Farthermore, the unexpected results obtained in deep-inelastic lepton scattering on polarized nucleons led to the well-known nucleon-spin crisis [15, 16] . To explain this phenomenon, it has been hypothesized that nucleons involve an enchanced quark component with hidden strangeness, which may induce substantial violations of the OZI rule in nucleon processes [17] [18] [19] [20] . Strong violations of the OZI rule were indeed observed in the relative φ and ω yields from some channels ofpp annihila-
The above arguments suggest that the OZI rule must be further tested in various production and decay processes involving conventional particles. Toward this, we analyzed a number of processes studied in experiments with LEPTON-F and SPHINX detectors. In particular, in earlier measurements on the LEPTON-F setup the investigation of this selection rule was performed in the OZI-suppressed charge-exchange reaction
at a relatively high primary momentum of P π − =32. (uū − dd) on the channel:
(see [23] ). Preliminary results of these studies were reported in [24] . In the experiments with the SPHINX spectrometer (which evolved from the LEPTON apparatus) a comparative analysis of [pφ] and [pω] systems produced in pN diffractivelike reactions was carried out and the OZI rule in nucleon processes was tested by these data [25] .
2 Charge exchange reaction π − + p → φ + n at P π =32.5 GeV [22] Reaction (6) was studied in several experiments at different energies in the region between 2.1 and 16 GeV (see [26] , [27] and the summary of other data in [26] ). There is a strong energy dependence of the cross sections for (6) and R(φ/ω) ratio in these data and some inconsistency for the R(φ/ω) values in different experiments. This makes it quite desirable to measure the cross section of (6) and R(φ/ω) at higher energy. This measurement was made in our experiment at P π =32.5 GeV [22] . In this experiment reaction (6) was studied with the LEPTON-F spectrometer simultaneously with the main research program for this setup aimed at the investigation of φπ o system in meson reaction [12, 24, 28] , as well as at the search for rare meson radiative decays on φγ and π + π − γ channels [24, [28] [29] [30] [31] . The LEPTON-F setup included a magnetic spectrometer with proportional chambers and scintillator hodoscopes and multichannel γ-spectrometer with total absorption lead glass detectors. Three gas Cherenkov countersČ 1 −Č 3 were used to identify beam particles, while a wide-aperture threshold gas counterČ 4 placed downstream the target in front of magnetic spectrometer identified charged secondaries. A detailed description of the LEPTON-F setup was published in [28, 32] .
The material and geometry of the target of the LEPTON-F setup were chosen so as to maximize the overall yields of φπ o , φγ and π + π − γ production in the corresponding charge exchange reactions (π
. A 40 cm thick LiH target (28 g/cm 2 ) was found to be optimal for these purposes. The target was enclosed by special guard veto system (scintillator counters, lead-scintillator sandwiches) aimed at selecting exclusive processes under study. In these measurements 4 × 10 11 π − and 8 × 10 9 K − -mesons passed through the target [24, [28] [29] [30] [31] 1 . In the analysis of two-track events detected in the LEPTON-F magnetic spectrometer and identified by Cherenkov detectors the reactions
and
were selected after the "elastic" restriction 29 < E K + + E K − < 34 GeV was imposed. In the invariant mass spectra on reactions (8) and (9) clear peaks corresponding to the φ-meson production in processes
were observed (Figs. 2 and 3) . In selection of the OZI forbidden processes (10) a special attention was paid to suppress the
